Activated carbon is one of the most widely applied adsorbent. As a porous carbon, it is used for the purification of both gaseous and liquid emissions. Activated carbon is prepared from fossil resources, such as coal, or from biomass through (hydro)thermal processing followed by chemical and/or physical activation. Further, some biomass thermal treatment processes, such as biomass gasification, produce carbon residues that can be modified to activated carbon with physical or chemical activation methods. The desired properties of activated carbon, i.e. high specific surface area and porosity, high carbon content and excellent sorption capacity, can be modified and optimized during thermochemical treatment and activation. Those properties, which are shortly considered, are important in different applications for activated carbon.
Introduction
Commercial activated carbon is widely used as an (ad)sorbent in gas and water purification applications. It can be produced by carbonization and activating various materials, such as coal and cellulosic raw materials (Ahmadpour and Do, 1996) . Recently, more attention has been paid onto the use of biomass and different types of biowaste as source materials for activated carbon. The production process and quality of activated carbon, for example, affect to the price of the material, but in general, commercial activated carbon is fairly expensive. The preparation of activated carbon is also an energy-consuming process. Therefore other substitutes, such as biomass-based adsorbents, must be investigated (Bart and von Gemmingen 2005; Marsh and Rodríquez-Reinoso 2006; Guo et al. 2009 ). Among biomasses, waste biomass would be a better alternative because they are abundant, renewable and cheap. The use of biowaste for preparing (ad)sorbents is also very attractive because it helps to decrease the costs of waste disposal and to promote environmental protection. In fact, agricultural wastes and residues (Ioannidou and Zabaniotou, 2007) , rice hulls (Teker et al. 1997) , palm-tree cobs (Avom et al. 1997) , walnut Different carbonization methods of biomass and physical and chemical activation are considered. Also, case studies of carbonization and physical/chemical activation of biomass and the direct activation of the previous carbonized carbon residue of biomass gasification is considered. The advantages and drawbacks of each method are given and compared. Finally, the physicochemical properties of activated carbon are considered from the end-user viewpoint, and different utilization applications are presented.
Carbonization of biomass
Biomass carbonization can be performed by pyrolysis or hydrothermal treatment. After carbonization, activation can be done physically or chemically. Physical activation is typically done in a separate step, but chemical activation can be performed in the same process with carbonization. Different carbonization and activation steps for biomass are presented in Figure 1 . In Table 1 reaction conditions and yields for different thermochemical processes are compared. Pyrolysis can be performed at different speeds slow, medium or fast and the reaction condition varies a lot among those. Reaction conditions for hydrothermal carbonization (HTC) and gasification are also presented, and the composition of the product is variable with different thermochemical treatment methods. In this chapter, HTC and dry pyrolysis will be discussed. The chemical or physical activation of carbonized biomass and carbon residue from the biomass gasification process will be discussed in Chapter 3. Table 1 . Comparison of reaction conditions and product yields for different thermochemical conversion processes. (Funke and Ziegler, 2010; Libra et al. 2011; Brewer 2012 Hydrothermal carbonization (HTC) is a combination of the dehydration and decarboxylation of a biomass to increase its carbon content. The process of converting biomass to HTC is carried out at elevated temperatures (180-220°C) in a water suspension at saturated pressures for several hours. With this HTC conversion process, a lignite-like material with the well-defined properties can be prepared from biomass residues. Even high-moisture-content raw material can be utilized in the HTC process. Thus, the HTC process may contribute to a wider range of applications of biomass, not just for energetic purposes. The HTC process has been known for nearly a century, but it still has received only little attention in the current biomass conversion research. In this paper, the HTC process is not given much more attention.
Dry pyrolysis
Dry pyrolysis is the most well-known thermochemical process that produces carbon with a high yield. In addition, dry pyrolysis can produce pyrolysis oil and gas. Dry pyrolysis can be slow or fast, and it is performed without oxygen at temperatures below 500ºC. Biomass used for dry pyrolysis must have quite low water content. Suitable moisture content in slow pyrolysis is 15-20%. Slow pyrolysis produces carbon, distillation products and gases, such as carbon monoxide, carbon dioxide and hydrogen. In fast pyrolysis, biomass is very fine due to very fast heating and the heat transfer condition. It is used mainly for pyrolysis oil production. (Bridgwater 1999;  Manuscript accepted for publication in: "Waste Biomass Management -A Holistic Approach (Eds. L. Singh and V.C. Kalia), Springer International Publishing, 2017. 5 Antal et al. 2000; Bridgwater and Peacocke, 2000; Antal and Grønli, 2003; Libra et al. 2011; Fagernäs et al. 2014) 2.3 Comparison of HTC treatment and dry pyrolysis HTC treatment and dry pyrolysis have several advantages and disadvantages. Temperatures are higher in dry pyrolysis as compared with hydrothermal treatment, and raw material has to be dried before pyrolysis, which is not the situation in HTC treatment. Harmful gases, such as PAH compounds and aromatic hydrocarbons, are formed in dry pyrolysis. In addition, tar compounds formation in dry pyrolysis is a problem that does not existing in HTC process. (Fischer and Bieńkowski, 1999; Antal and Grønli, 2003; Sadaka and Negi, 2009; The disadvantages of HTC treatment are the energy consumption that takes place when the saturated steam (up to 220°C) is being warmed up in the reactor, and the relative high pressure required (25 bars). (Ramke et al. 2009 ) In dry pyrolysis, energy can be obtained by burning formed synthesis gas. In addition, the separation process for HTC carbon and process water treatment is needed. (Funke and Ziegler, 2010; Libra et al. 2011) 
Carbonization and activation of raw materials
Biomass carbonized by hydrothermal treatment or dry pyrolysis can be activated physically or chemically to produce activated carbon (Ahmadpour and Do, 1996) . Typically, the carbonization step is performed first and after that activation can be done. In the case of chemical activation, carbonization and activation can be done in the same step. The porous structure is one of the most important properties of activated carbon. The porosity of carbon material formed during the carbonization step is typically not high enough for most applications which is the reason it is necessary to develop the porosity of the carbon surface further through physical or chemical activation methods (Marsh and Rodríquez-Reinoso, 2006) . During the activation process, other specific properties of the carbon surface such as cationic, anionic or neutral surface functional groups, can be developed. The biomass raw material, activation method and conditions play a key role in the characteristics of activated carbon including, for example, the porosity and shapes of pores. (Guo et al. 2009) In addition to biomass, various carbonaceous by-products and wastes from industry can be used as precursors in activated carbon production. In the future, it is evaluated that the commercial applications for the thermo-chemical or hydrothermal conversion processes of biomass will increase and the suitable utilization applications for formed by-products and wastes should be developed. Waste biomass residue or some other organic residues with high carbon content are formed during these processes. Therefore, some reuse would be needed. By utilizing carbonaceous waste materials as precursors for activated carbon production, only the activation step is needed. In the case study presented in Chapters 3.1.1 and 3.2.1, studied carbon residue was obtained from a biomass gasification pilot plant in which carbon residue is formed as a waste. Carbon residue was used as a raw material for the preparation of adsorbents through chemical and physical activation. Wood chips (pine and spruce) were used as a fuel to the downdraft gasifier (150 kW). Gasifier was operated at temperature of 1000°C and a feeding rate for raw material was 50 kg/h. (Tuomikoski 2014) 
Physical activation
In the activation process, the removal of the carbon atoms from the nanostructure of the precursor accessing and interconnecting the inherent structural porosity occurs (Ragan and Megonnell, 2011) . In the physical activation, the carbonized raw material is activated by the physical activating agent. Typically used activating agents are water vapour (steam) or carbon dioxide. Additionally, a mixture of water vapour (steam) and carbon dioxide can be used. The activation temperature varies between 600 °C and 900 °C. (Guo et al. 2009 ) Typically the choice of the activation agent and activation time depends on the type of raw material (Guo et al. 2009 ). 2-6 hours of activation time have been applied for coconut shells, for example.
Physical activation including the carbonization step is typically a two-stage process, and therefore, activation is performed after the carbonization process. A physical activating agent, such as steam, is fed to the precursor material typically at temperatures of between 600 °C and 800 °C. During this phase the carbon changes physically and in addition to physical changes, its properties change chemically by opening the carbon matrix and changing its functional groups. (Fu et al. 2013 ) The quantity of water fed depends on the quantity and the material that is processed. Generally, the efficiency of this activation is influenced by the contact between the activating agent and the mass of carbon. Therefore, a rotating activation reactors are preferable during this stage. The entire process has to be realized under an inert atmosphere, typically nitrogen, because the water molecules include hydrogen and oxygen, which generates a potential explosive atmosphere under particular temperature conditions. Steam activation time is also a parameter that has to be optimized because it can influence the structure and the yield of the carbon mass. Generally higher activation times correspond to higher yield loss but also higher porosity, creating micropores. (Chun et al. 2012) From a chemical point of view, during steam activation, the following compound exists: O2, CO2, H2 and H2O.Typical reactions for steam activation are listed in Table 2 . 
Physical activation of carbon residue from biomass gasification
In the case study of Tuomikoski (2014) , the precursor material for physical activation was carbon residue, which is formed as a waste material in the biomass gasification process. Carbonization step was not done in the presented case study because it was assumed to have already taken place during the thermal gasification process of biomass, in which precursor material was formed as a waste material. Physical activation was carried out by using carbon monoxide (CO) and carbon dioxide (CO2) as physical activating agents. Additionally, reference samples were prepared by thermal treatment without any activating agent under a nitrogen atmosphere. The temperature and duration of activation were the two parameters investigated in addition to the activating agent. Temperatures of 600 °C and 800 °C were used. The duration of activation was one or three hours. The activation conditions during physico-chemical activation are presented in detail in Kilpimaa et al. (2015) . The success of the activation was evaluated by characterization of the produced material. The specific surface area and pore volume, for example, from the produced adsorbents were measured. FESEM image of physically activated (by carbon dioxide) carbon residue is presented in Figure 2 . 
Carbonization and physical activation of virgin lignocellulosic biomass
In the other case study, biomass was carbonized and activated physically (Bergna et al. 2016) . In this study, three sawdust samples originating from birch, spruce and pine were used as precursors for activated carbon production. Prior to carbonization/activation, the precursors were dried at 105 ⁰C overnight. The sawdusts were carbonized and activated in a one step process consisting of carbonization with a temperature ramp from an ambient temperature to 800 ⁰C. During this step, the reactor, a rotating quartz tube fit into a tubular oven, was flushed with nitrogen. At 800 ⁰C, the samples were activated physically by steam for a fixed period of time by passing steam through the reactor using nitrogen as the carrier gas. The specific surface area was increased notably during the carbonization and activation steps. FESEM images of the precursors and the activated carbons are presented in Figure 3 , in which a pore structure can be observed.
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Fig 3.FESEM image obtained before and after carbonization and physical activation 3.2 Chemical activation
Chemical activation can be considered a single-step process in which the carbonization of raw material and activation are done simultaneously. Substances which contain alkali and alkaline earth metal and some general acids are typically used as a chemical activating agent such as KOH, NaOH, ZnCl2 and H3PO4. (Ahmadpour and Do, 1996) Chemicals during activation step can act as a dehydrating agent (for example ZnCl2 and H3PO4) and that types of chemical are commonly used for the activation of especially lignocellulosic materials. Alkali hydroxides are typically used chemical activating agents for the activation of coal or chars. (Srinivasakannan and Zailani, 2004) 
Chemical activation of the carbon residue formed in biomass gasification
In the case study of Tuomikoski (2014) , the carbon residue from the biomass gasification process was chemically activated to produce suitable water purification material. In the case study, a wet impregnation method for the chemical activation was used. Carbon residue pretreatment is described in detail in Kilpimaa et al. (2014) . After the pretreatment, the sample and the chemical were mixed and the used contact time was five minutes. Chemicals used for the chemical activation of the carbon residue were 0.1 M HCl, 0.1 M H2SO4, 5 M ZnCl2, 5 M KOH, HCl or HNO3. The used liquid-to-solid ratio L/S between chemical activating agent and carbon residue was 10 (w/w). After that, the mixture of the carbon residue and chemical activating agent was dried at 110 °C overnight. Activation was done at 500 °C and the duration of activation was one hour. The products were washed sequentially with 0.5 M HCl and used time for that was 10 minutes by using L/S (liquid-to-solid ratio) of 10. Additionally, hot distilled water and finally cold distilled water were used in the washing stage. This step was done to remove any remaining organic and inorganic residues. Before use, products were dried at 110 °C overnight, crushed and sieved to obtain particle size below 150 µm.
The surface area and porosity of the carbonaceous material are known to depend on the variables of the preparation process. For that reason the L/S-ratio of the carbon residue and chemical activating agent, the concentration of the impregnation solution and the activation time were optimized. In the case study (Tuomikoski 2014) , the highest specific surface area for the carbon residue sample was obtained by using a 5 M zinc chloride solution with L/S -ratio of 10 and activation time of one hour in the chemical activation at 500 ˚C. In the Figure 4 , FESEM images for chemically activated (ZnCl2) carbon residue, commercial activated carbon and carbon residue from biomass gasification are presented as a reference. These images illustrate the crystals on the surfaces of the adsorbents and the porous structure of the adsorbents. Activated carbon residue and activated carbon seem to be clearly more porous materials than carbon residue. The measured values of specific surface areas presented in Table 4agree with this argument. (Kilpimaa et al. 2012 (Kilpimaa et al. , 2014 
Comparison of physical and chemical activation
There are several advantages and disadvantages in the physical and chemical activation methods. When comparing chemical activation to physical one, the main advantages in the chemical activation comparing are lower activation temperature, shorter activation time and typically, the higher porosity of produced carbons are obtained. The main disadvantage of the chemical activation is the secondary pollution which is formed from the activation chemicals. Additionally, chemical consumption and price must be taken into account in the discussion of advantages and disadvantages. A washing stage is required in the chemical activation method and therefore, physical activation could be more environmentally friendly and effective method to produce an adsorbent from biowaste material. (Marsh and Rodríquez-Reinoso, 2006) 
Physico-chemical properties of activated carbon
The properties of activated carbons depend on a number of factors, including the biomass used, carbonization conditions, activation conditions and the physical or chemical activating agents used. According to the methods published by the European council of chemical manufacturers' federations "Test methods for activated carbon" there are some suggestions that which parameters should be determined from the activated carbons. These parameters include bulk properties measurement such as density (kg/m 3 ), water content and mechanical strength and in addition, adsorption properties should be determined. The widely used application for activated carbon is use as an adsorbent and therefore, adsorption tests are typically done. Those are tests that include both liquid and gas phase adsorption. (European council of chemical manufacturers' federations 1986) Density measurements are divided into bulk density, absolute density and particle density. Bulk density is defined as "mass of a unit volume of the sample in air, including both the pore system and voids between the particles". The bulk density depends on parameters such as the shapes, sizes and densities of the individual particles. The determinations is performed by transferring a representative portion of the sample into a graduated measuring cylinder (about 100 mL), recording the volume and measuring the weight of the sample. Samples can be used as received or dried prior to measurement. Bulk density (kg/m 3 ) is calculated from Equation (1):
where M is the mass of the sample in grams and V is the volume of the sample in mL.
Absolute density (or helium density) is defined as "the mass of a unit volume of the carbon skeleton that is inaccessible to helium". In addition, the success of physical or chemical activation can be evaluated by characterization of the produced material, i.e. the specific surface area, the pore volume and the pore size were measured. By measuring the carbon content, the burn-off of the material can be measured, and the success of the carbonization can be evaluated. Adsorptive capacity results from the porous network that exists within the grains of activated carbon. The internal surface area in addition to the pore volume are notably greater comparing with the external surface area and the volume of the grains themselves (Ragan and Megonnell, 2011) . Commercial activated carbon exhibits a high internal surface area of 1000 m 2 /g or higher, and large internal pore volume (0.3-3 cm 3 /g). Porosity within adsorbents has been classified by IUPAC (International Union of Pure and Applied Chemistry) (1972) according to the widths of the pores as follows: macropores (access pores, 1000 nm down to 50 nm in width), mesopores (transport pores, between 50 nm-2 nm in width), and micropores (smallest pores with highest adsorption energy, < 2nm wide). The porosity of typical activated carbon is presented in Table 3 . A summary of properties for adsorbents in the case study of Tuomikoski (2014) is presented in Table 4 . 
Utilization application as an adsorbent
Produced activated carbon has been applied in water purification applications for the removal of several impurities such as organics, metal cations and anions from wastewaters. The high adsorption capacity of activated carbon is based on the strong interaction i.e. the attractive forces exists between the atoms in the walls of the nanopores and the contaminant molecules which are to be removed at the atomic level. The adsorptive capacity of activated carbon results from the complex, three-dimensional, interconnected porous network that exists within the activated carbon grains (Ragan and Megonnell, 2011) . Although the adsorption capacity is mainly determined by the microporous structure, the surface chemistry of the carbon adsorbent also plays an important role in determining its adsorption properties and behavior. Typically, surface of activated carbon is nonpolar and therefore, it favors the adsorption of nonpolar molecules by non-specific mechanisms. (Moreno-Castilla 2004; Marsh and Rodríquez-Reinoso, 2006 ) The polarity of the surface can be altered and the adsorption of polar molecules increased by an adequate modification. The surface chemistry therefore depends on the heteroatom contents. On the surface, chemisorbed oxygen, hydrogen etc. may exist and oxygen-containing functional groups have great importance for the surface characteristics because they determine the surface charge and the hydrophobicity of activated carbon. The surface charge can be determined by titration or by using electrokinetic methods. The first method provides a measure of the total surface charge, whereas the latter primarily measures the surface charge at the more external surface of the particles. The point of zero charge (pHZPC) is the pH in which the total surface charge is zero, and the isoelectric point (pHIEP) describes pH in which the pH of the external surface is zero. (Rodríquez-Reinoso and Molina-Sabio, 1998; Marsh and Rodríquez-Reinoso, 2006) The pHZPC values for adsorbents in case study of Tuomikoski (2014) are presented in Table 5 . In the pH values above pHZPC, the adsorbent is favoured to remove anions and in the pH values measured below pHZPC, the adsorbent removes cations. The most commonly used adsorption isotherm is the Langmuir model (Langmuir 1918) . The following assumption are made in the Langmuir isotherm model: 1) there are only one kind of adsorption sites on the surface, 2) the energy of the adsorption is independent of how many of the surrounding sites are occupied, 3) maximum adsorbate coverage is one monolayer, 4) all adsorption occurs through the same mechanism. The linear form of the Langmuir isotherm model is given by Equation (2), as follows:
where qe (mg/g) is the adsorption amount, Ce (mg/L) is the equilibrium concentration and qm (mg/g) and b (L/mg) are the Langmuir constants which are related to the adsorption capacity and adsorption energy, respectively. Furthermore, the constants of Langmuir model were obtained from the linear plots of 1/qe versus 1/Ce. In addition to the Langmuir model, there are several other isotherm models, such as the bi-Langmuir model, Temkin, Freundlich model, D-R model and Sips model, and every model has its own characteristics and hypotheses. (Freundlich 1906, Temkin and Pyzhev, 1940; Karthikeyan et al. 2004; Repo et al. 2009; Zheng et al. 2009; Repo et al. 2011; Roosta et al. 2014a Roosta et al. ,2014b Roosta et al. , 2014c In addition to the adsorption isotherm model, the rate of adsorption is important to know. The kinetic studies where the progress of the adsorption processes is followed in the function of time provide useful information about the efficiency of adsorption. Kinetic results are also crucial when the feasibility of the process for large scale applications is considered. Both Pseudo-first-order and pseudo-second-order kinetic models are most commonly utilized to identify the kinetics of the adsorption process (Lagergren 1898; Ho and McKay, 1999) . The equation of Lagergren (Lagergren 1898 ) is widely used to describe the adsorption of liquid phase compounds to the solid adsorbate surface. Most often the modelling has been accomplished using the linear form of pseudo-first-order rate expression which is given as follows (Bhatnagar et al. 2010b) :
where qe and qt are the amounts of impurities adsorbed (mg/g) at equilibrium and at time t, respectively. The rate constants in the pseudo-first-order equation is marked as kf [min
].
Pseudo-second-order process can be expressed in a linear form (Bhatnagar et al. 2010b 
Adsorption experiments over carbon-based adsorbents

Standard method
In the adsorption tests for liquids, the activated carbon comes into contact with a solution containing a specific test substance. The contact time has to be long enough for equilibrium formation. A number of test substances can be used; for instance phenol, iodine and methylene blue are typically used model substances. If the activated carbon is to be used for pharmaceutical purposes phenazone adsorption is used. In addition to standard methods, specific test solutions for the applications of customers can be used. A summary of different adsorbents is presented in Table 6 .
(European council of chemical manufacturers' federations 1986)
In addition to liquid phase experiments, activated carbon works as an adsorbent also in gas phase adsorption. The adsorption properties of gaseous compounds are tested by feeding the gas at a known concentration and velocity through a bed of activated carbon and registering the breakthrough volume, i.e. the gas volume needed to saturate all binding places of the carbon. Application specific compounds Gas phase Gas binding capacity Carbon tetrachloride (g) Gas phase
Gas binding capacity Application specific compounds
Case study
In the studies of Runtti et al. (2014) and Kilpimaa et al. (2014 Kilpimaa et al. ( , 2015 , laboratory experiments were carried out to examine the adsorption capacity for the produced adsorbents. During experiments, the effects of different variables such as the effect of initial pH, initial concentration of adsorbate solution and adsorption time on the adsorption efficiency of phosphates, nitrates, iron(II), copper(II) and nickel(II) were studied. Used adsorbents were carbon residue from the wood gasification process, carbon residue which was activated physically or chemically and commercial activated carbon provided by Norit. The properties of adsorbents were previously presented in tables 4 and 5. The experiments were done using a batch type of process and the effect of the initial pH was studied in the pH range of 4-8. The effect of the initial solution concentration was studied with a concentration range of 25-125 mg/L (chemically activated samples) or concentrations of 10-140 mg/L (physically activated samples) and experiments were done at optimum pH determined in the previous step. The model solution was prepared by adding solid KH2PO4 or NaNO3 to distilled water in the case of phosphate and nitrate respectively. Model metal solutions prepared from iron sulphate (FeSO4·7H2O), copper sulphate (CuSO4·5H2O) and nickel sulphate (NiSO4·6H2O). In the all adsorption experiments, the adsorbent dose used was 5 g/L.
In the studies in which the optimum initial pH and effect of initial concentrations were determined, a solution of adsorbate and adsorbent was mixed. After that, the pH of the mixture was adjusted by HCl or NaOH. pH was adjusted after adding the adsorbent to adsorbate solution to ensure the correct pH of the adsorbent-adsorbate mixture due to the fact that the carbon residue from the gasification process is clearly alkaline (pH ≈ 9) which increases the pH. In addition, the carbon residue has some buffer capacity which means that material is able to retain an almost constant pH when a small amount of acid is added to the solution, and therefore, it possesses ions that have the ability to neutralise the added hydrogen ions. These ions are similar to hydrogen carbonates, carbonates, and hydroxides. (Kilpimaa et al. 2011 (Kilpimaa et al. , 2013 The solution was shaken at room temperature for 24 hours.
Further in the studies of Kilpimaa et al. (2014 Kilpimaa et al. ( , 2015 and Runtti et al. (2014) , the effect of the adsorption time was studied. These experiments were done by using optimum initial pH and initial concentration of adsorbate. The rate of adsorption was determined with different time intervals of 1 min -24 h. Before analysis, all samples, including the initial samples, were filtered through a 0.45 µm filter. The phosphate and nitrate concentrations were analyzed by ion chromatography (Metrohm 761 Compact IC). Heavy metals were determined by an atomic absorption spectrometer (AAS) (PerkinElmer AAnalyst 200) whose absorption wavelengths were found to be Fe 2+ (248.3 nm), Cu 2+ (324.7 nm) and Ni 2+ (232.0 nm), respectively.
The amount of ions adsorbed (qe in mg/g) was determined as follows:
where C0 and Ce are the initial and equilibrium concentrations of impurity ion in a solution (mg/L), respectively, V is the volume of solution (L) and m is the mass of the adsorbent (g). (Bhatnagar et al. 2010a (Bhatnagar et al. , 2010b .
Literature survey
Commercial activated carbon and carbon from biomass have been widely applied as adsorbent for water purification. Table 7 lists some of the known references for experimental adsorption capacities (qm,exp) and Langmuir adsorption capacities (qm) for different adsorbents and adsorbates. Results indicate that adsorption capacities vary a lot between activated carbons produced from different raw materials with different activation methods. 
Novel utilization applications for activated carbon
Utilization applications of thermochemically produced carbon have been studied widely, and several potential applications have been reported in the literature. In this chapter, some utilization applications for activated carbon have been presented. Utilization applications as adsorbents are discussed in Chapter 5.
Activated carbon in catalytic applications
In the production process of a heterogeneous catalyst, active material is added to the surface of the support material. The support material should have specific properties, such as a large surface area. Activated carbons possess a number of properties making them very suitable support materials for heterogeneous catalysts. Carbons have good chemical stability under both acidic and alkaline conditions but also good mechanical stability. The large surface areas and the porosity make carbons ideal supports. The recovery of active metals is rather easy, because the carbon support can be removed by burning the coal and recovering the metal, a property that is most important when using rare and expensive metals as catalysts. The surface properties of activated carbons can easily be modified by adding different functional groups. Activated carbon has been used as a catalyst support, for example, in the Fischer-Tropsch production of biodiesel starting from synthesis gas using cobalt as the active metal. (Tingjun and Li, 2015) Another type of biodiesel produced by the transmetylation of fatty acids can be catalyzed by activated carbon supported catalysts (Konwar et al. 2014 ). The activated carbon itself can in some applications act as a catalyst. Actually, it has been used as a catalyst for the hydrolysis of cellulose in a mechano-catalytic application using ball-mill grinding. (Yabushita et al. 2014) Activated carbon has been used as a support material in some catalytic processes (Lam and Luong, 2014) :
 Hydrogenation of nitro aromatics on Pt-V/AC  Reductive alkylation with Pt/C (fine and specialty chemicals)  Hydrogenation of dinitrotoluene to toluenediamine on Pd/carbon black  Butanediol synthesis (hydrogenation of maleic acid) on Pd-Ag-Re/AC  Terephthalic acid purification on Pt/AC
Activated carbon as precursor for graphene in electrochemical applications
One of the most recent discoveries regarding the use of biomass-based carbon is to produce graphene like nanosheets. Studies by Shams et al. (2015) show that it is possible to obtain few layer graphene (FLG) from biomass. From the mechanical and electrical point of view, the potential properties of graphene are well known. (Al-Saleh 2015) Specific applications in that research area are made, for example, in the use of manganese dioxide nanoplates which are anchored to the biomass-derived cross-linked carbon nanosheets for high-performance asymmetric supercapacitors . These supercapacitors showed impressive electrical performance because to the specific properties of graphene, such as high specific surface and conductivity.
The synthesis of porous graphene and activated carbon composite have been studied. In the studies of Zheng et al. (2014) , the high packing density and a large specific surface area for supercapacitor electrode material have been used. (Zheng et al. 2014 ) with promising results. Particularly, the interest of researchers is to develop carbon as a precursor for graphene production from different biomass matrices. It is already known that different biomasses can generate carbons with different properties. For instance, pomelo peels carbon was used as an anode for lithium-based batteries . The use of biomass-derived material in the battery industry is still under investigation, and according to Zhang et al. (2015) , biomass-based graphene could bring an almost totally renewable material (separator, binder and electrode) to battery production. This possibility of using porous activated carbon from biomass to the production of graphene and then to electrochemistry is still at a basic research level, and further applications have to be made and studies done. (Konwaret al. 2014) Manuscript accepted for publication in: "Waste Biomass Management -A Holistic Approach (Eds. L. Singh and V.C. Kalia), Springer International Publishing, 2017. 20
Other utilization applications
Biomass-based dry pyrolysis carbon or HTC-carbon have been used in addition to the applications mentioned earlier, for example, soil improvement, adsorption in the purification of gases, electronic applications, catalyst support material for producing sustainable catalysts, novel anode material in production of batteries, a bio-based reducer in the steelmaking industries and an environmental application to reduce carbon dioxide. The utilization of an adsorbent for removing impurities in an aqueous solution has been presented in Chapter 5. Makowski et al. 2008; Suopajärvi et al. 2014) In Table 8 , some utilization applications based on literature and production conditions for the utilized materials are presented. 
Conclusions
Biomass can be used as a precursor in activated carbon production. Biomass carbonization can be done by using thermochemical or hydrothermal treatments. After the carbonization step, activation can be performed physically or chemically. Biomass-based carbon can also be produced from carbonaceous waste materials. In this chapter, carbon residue from the wood gasification process was used as a raw material for activated carbon production, and it was presented as a case study. In chemical activation studies, the highest specific surface area for carbon residue was obtained using ZnCl2 as a chemical activating agent. In the physical activation procedure, the highest surface area was obtained using carbon dioxide as a physical activating agent. The widely used application for activated carbon is use as an adsorbent for the purification of gases and liquids. In the case study, physically and chemically activated carbon residue was used in the removal of phosphates, nitrates, iron(II), copper(II) and nickel(II) in wastewater treatment. Based on the results presented in the case study, activated carbon residue had a notably higher adsorption capacity compared with commercial activated carbon in the case of phosphate and heavy metal removal. Adsorption capacity is also substantially better for activated carbon residue compared with carbon residue, and therefore, the adsorption capacity can clearly be enhanced by activation. The use of gasification carbon residue is not only an effective and inexpensive adsorbent, but also it has the potential to significantly reduce waste streams. Other potential utilization applications for activated carbon are, for example, use as a catalyst support and as a precursor in graphene production in battery production.
Opinion
The carbonization of biomass and the physical and/or chemical activation of carbon have been considered. The properties of obtained activated carbon were considered from an adsorption viewpoint. In addition to adsorption, other applications for carbon are available. It can be used as a catalyst support, as a carbon dioxide storage material and as an energy storage material in lithium ion batteries, for example.
